The infectious ribonucleic acid (RNA) of potato spindle tuber virus (PSTV) can be separated by hydroxyapatite chromatography from double-stranded RNA detectable in low amounts in both infected and uninfected plant tissue extracts. The chromatographic behavior of ribonuclease-sensitive PSTV RNA resembles that of transfer RNA.
The agent of potato spindle tuber disease can be transmitted to tomato plants in extracts of leaves from infected potato or tomato plants (9) . No evidence for the presence of conventional virus particles has been found in such extracts, and infectivity appears to be associated with ribonucleic acid (RNA; reference 3). Infectious RNA was found to have a low sedimentation coefficient and to be more resistant to ribonuclease attack than single-stranded southern bean mosaic virus RNA (4) or tobacco mosaic virus RNA (T. 0. Diener, Phytopathol. Abstr. 60:1014, 1970). It was therefore suggested (3, 4) that the infectious principle of potato spindle tuber virus (PSTV) may be double-stranded RNA.
We have examined this question of the structure of the infectious RNA moiety from PSTV-infected tomato plants in the following manner. RNA extracts were prepared from both PSTVinfected and uninfected tomato plants and chromatographed on hydroxyapatite, which has been used (6) to separate single-from double-stranded RNA species. The resulting RNA fractions were then titered for infectivity and for their ability to interfere with the multiplication of an animal virus in animal cell culture, a common characteristic of double-stranded RNA (1). Our results indicate that, although a small amount of doublestranded RNA appears to be present in PSTVinfected tomato plants, the bulk of infectivity is not associated with this moiety but rather with the single-stranded RNA fraction with chromatographic properties which resemble those of transfer RNA (tRNA). Furthermore, double-stranded RNA is detectable in extracts of apparently uninfected tissues of different plant species.
PSTV was a gift of T. 0. Diener and was transmitted to tomato seedlings (variety Rutgers) at the two-leaf stage by applying extracts in 0.5 M K2HPO4 buffer (pH 7.0) to leaves dusted previously with 600-mesh carborundum powder and washing the plants with water. Plants were maintained in a greenhouse whose diurnal temperature range was 15 to 33 C. Within 2 to 6 weeks after infection, depending on the original dose of infectivity, plants showed characteristic symptoms of the disease: darkening of leaf veins followed by stunting, twisting, and yellowing of both stem and leaves. Uninfected plants were always grown in parallel as a control. Nucleic acids were extracted from 100 g of fresh or frozen leaves by the following procedure. Leaves, whether infected or uninfected, were first ground in an omnimixer maintained at 4 C in a mixture of 100 ml of tris-(hydroxymethyl)aminomethane (Tris)-buffered phenol and 50 ml of 0.05 M Tris-hydrochloride (pH 8.0) containing 0.001 M ethylenediaminetetraacetic acid (EDTA). This slurry was made 1% in sodium dodecyl sulfate (SDS) and ground at room temperature for an additional 5 min. The homogenate was then centrifuged for 10 min at 12,000 x g in a Sorvall centrifuge, and the resulting aqueous phase was removed and extracted twice more at room temperature with equal volumes of Tris-buffered phenol. The aqueous phase was made 0.2 M in NaCl, and RNA was concentrated by precipitation with 2.5 volumes of cold 95% ethanol and stored overnight at -20 C. The precipitate was collected by centrifugation, resuspended in Tris buffer (0.01 M, pH 8.0) containing 0.001 M EDTA and 1% SDS, and shaken three times with ether to remove any trace of con-taminating phenol. Dissolved ether was removed by bubbling nitrogen through the solution. The supernatant fluid was clarified by centrifugation, and the optical density was determined in a Cary spectrophotometer. These solutions were used as the nucleic acid stocks for the following experiments.
Nucleic acids extracted from PSTV-infected or uninfected tomato plants were applied at 60 C to columns of hydroxyapatite equilibrated with 0.01 M sodium phosphate buffer ( The nucleic acid fractions from the hydroxyapatite columns were then assayed for induction of interference with the mutliplication of vesicular stomatitis virus (VSV) in primary cultures of rabbit kidney cells (5), with CPV RNA as a positive control. Figure 1 shows that such interfering activity is present in both infected and uninfected plant extracts in a fraction which elutes from hydroxyapatite in a position similar to that of double-stranded nucleic acid.
To characterize further the nucleic acid fraction from tomato tissue responsible for this interfering activity, the following experiments were performed. Samples of the stock nucleic acid extracts from both PSTV-infected and uninfected plants were exposed to 50 ,ug of Pronase per ml at 37 C for 4 hr. The samples were then treated, as detailed in reference 2, with deoxyribonuclease alone, with deoxyribonuclease followed by heating in lowsalt buffer to 100 C for 3 min and quick chilling, or 8, 1971 with both deoxyribonuclease and ribonuclease and then titered for infectivity and interference. Deoxyribonuclease treatment alone or deoxyribonuclease treatment followed by heating and quick chilling had no effect on infectivity of the nucleic acid extract from PSTV-infected tissue, whereas deoxyribonuclease treatment followed by ribonuclease treatment totally eliminated infectivity ( Table 1) . As previously noted, extracts from control tomato plants showed no signs of infectivity. With the second parameter, however, interference with VSV multiplication, the results were quite different. Neither deoxyribonuclease treatment alone nor treatment with both deoxyribonuclease and ribonuclease had any effect on the interference with virus multiplication by nucleic acids extracted from either infected or uninfected tomato tissue. The ability to interfere with virus multiplication was, however, eliminated from both extracts by heating and quick chilling, a treatment known to effect strand separation of doublestranded nucleic acids and eliminate interference capacity of double-stranded RNA (1) .
When the nucleic acids from infected and uninfected plants were digested with both deoxyribonuclease and ribonuclease and subjected to chromatography on a column of 6% agarose gel (5) , the interfering activity appeared in the exclusion volume with less than 1% of the starting material. From the initial A258 of the nuclease-resistant fraction excluded by agarose and the assumption that 1 A258 = 40 ,ug of RNA per ml, it was possible to estimate that interference with VSV was obtained with less than 0.001 ,ug of RNA per ml. We have observed a similar level of efficiency of interference by using double-stranded CPV RNA as our control. Since only doublestranded RNA is known to induce interference with such high efficiency (1), our results strongly suggest that the nucleic acids extracted from both PSTV-infected and uninfected tomato plants contain double-stranded RNA. Moreover, though not shown in Table 1 , we have isolated such an interfering fraction from nucleic acid extracts of uninfected tobacco tissue (Nicotianum tabacwn cv Turkish). It thus appears that the doublestranded RNA found in nucleic acid extracts from cells of higher plants may be analogous to the cellular double-stranded RNA isolated from a variety of animal cells (5, 8) . The biological significance, however, of the synthesis of RNA strands with complementary base sequences in any eukaryotic cell system remains to be demonstrated.
In our present experiments, we have observed that the bulk of PSTV infectivity is clearly separable by hydroxyapatite chromatography from what appear to be small amounts of doublestranded RNA present in tissue extracts of different plant species. Although heating and quick chilling eliminate the viral interference associated with this double-stranded RNA, such melting does not eliminate infectivity. Infectivity is, however, eliminated by exposure of the nucleic acid extracts to pancreatic ribonuclease. These observations do not support the suggestion (3, 4) that the RNA of PSTV is double-stranded. Although the chromatographic analyses suggest that the RNA of PSTV resembles cellular tRNA, a more thorough investigation will be required before the precise structure of PSTV RNA is known. I Results from two cultures of rabbit kidney primary cells exposed to the nucleic acids in interference assay medium for 24 hr before challenge with a dose of VSV sufficient to destroy the culture in 36 hr. Positive interference indicates no visible cell destruction at 36 hr after infection, which has been shown previously to indicate complete inhibition of VSV multiplication (5) .
